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I. INTRODUGTIOK 
One of the fields of research now oooupying the attention 
of rfisny agencies is the utilization of agrioultural produets, 
including the so-called wastes, as raw materials for the manu­
facture of industrial cheaioals, Frcaa a chemical viewpoint, 
the principal surplus consists of the carbohydrate materials. 
The carbohydrates lend themselves admirably to elaboration into 
useful chemicals by means of fermentation processes. This 
process of the production of cheaiioals by ferxaentation has been 
described thus by Fulmer (1930): "From a chemical vie-wpoint, 
zymology ^ferraontation) deals with catalysis (or rather auto-
catalysis) in heterogenoous system. Industrial catalyses and 
zymoteohnical syntheses differ in that in the former case the 
catalyst, usually a simple type of chemical, is manufactured 
outside the reacting mixture and then added to the reactant or 
reactants under controlled conditions. In the latter processes 
the catalysts, the enzymes, are manufactured during the course 
of the reaction. This Involves a knowledge of the nutrition and 
the characteristics of the organism apd the conditions under 
which it will produce in the highest degree the particular 
catalysts required, *** * Thu s)roblem resolves itself into 
the bringing together of the right organism or organisms and 
the right medium under optimum conditions". 
In the paper under consideration, a table is presented. 
based upon oompilatlons of Buchanan and Fulaer (1930) and Fulaier 
and Werkman (19S0) showing the fermentative inter-r.jlationships 
of the aiorobiological dis; Ixiilation products of the carbohy­
drates. Forty-eight chemicals are listed. An examination of 
this list ^ows that only a very few have been ccffiEsercially 
exploited or eystematically studied with a view to their large 
scale production. One of the most striking of recent develop-
jttBnts is the large scale production of butyl alcohol and acetone 
by fermentation. 
Of the chejuicals listed, attention has been directed in 
these laboratories to the development of laethods for obtaining 
maximum yields of H,3«butylene glycol. Preliminary studies 
were made by Breden (1930) and Breden and Fulmer il930) on the 
action of Aerobacter faenl upon xylose and sucrose. Since 
there are large quantities of pentosans in the agricultural 
wastes, xylose was Included in order to obtain inforiaation on 
the utilization of the pentose sugars. The authors found that 
the products formed from the two sugars are pra(rt*oally identical, 
fhe purpose of this thesis was to extend these preliminary 
findings with special reference to the production of saxiraum 
yields of 2,3-butylene glycol. 
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II. HISTORICAI. 
I There are many papers in the literature involving the 
determination of 2,S-butylQne glycol tnd acetylmethyl oarbinol; 
most of these determinations were qualitative and incidental. 
Hence, thare will be briefly reviewed only those eommunioations 
in whioh quantitative data -were obtained under standardized 
oonditioas. 
One of the earliest references is t!i; t of Per6 (1896), who 
identified aoetylmethyl carbinol as produced from mannitol by 
3. subtllis and B. atesenterious vulgatus. and from dextrose and 
glycerol by Tyrothrix tenuis. Grimbert (1901) identified thia 
chemioel as |)roduced from various sugars by B. tartricus. 
Desmots il904) proved this material to be produced froia various 
substrates by several bacteria including B> mesentericus 
vul^atu8» 3, fussust B. flavus, B, ruber, B, subtllis and 
fyrothrljE tenuis. 
Harden and Walpole tl906) were the first to prove the 
production of acetylmothyl carbinol and 2,3-butyrene glycol by 
bacterial action on sugars. They found that about 27^£ por cent 
of the dextrose fermanted by B. lactis aerogenes, unde» anaero­
bic conditions, was converted into BjS-butylene glycol. Valpole 
(1911), using B« lactia aerogenes in a nutrient medium containing 
5 per cent sugar (dextrose or lovulose), under anaerobic condi­
tions, obtained yields of two optically active forms of the 
glycol, the diphenylurethan derivatives melting at 199.5° and 
157^0,, respectively, with the formar composing about 90 per 
cent of the mixture. Eight grams of the crude glycol were 
obtained, presumably from a liter fermentation. 
Thompson (1911) obtained 9,5 grams of 2,S-butylene glycol 
from the anaerobic fermentation of glucose by the organism 
B. oloacae; the boiling point of the fraction was 178°-184°0. 
The medixim contained 5 per cent glucose, 1 per cent peptone and 
1 per cent caloium carbonate and was allowed to ferment at 37®G, 
for 6 weeks. Harden and Worris (1912) found thet B« coli 
communis converted 33 per cent of the dextrose into the glycol, 
calculated on the basis of sugar carbon. 
Leittoigne (191S) found that the relative amounts of 2,3-
butylene glycol and acetyliaethyl carbinol varied with the time 
of feriflontation. The ratio cf carbinol to glycol was 860 to 
1718 at the end of 3 days, and at the end of the seventh day 
was 5772 to 5371. Data obtained by Harden and Korris (1913) 
showed that Aerobacter aerogenes converted 9.9 per cent of the 
glycerol used into 2,3-butylone glycol, the fermentation taking 
'I place under anaerobic conditions. Leiaoigne (19:^3) -raported 
the action of three strains of the Bacillus proteus group upon 
dextrose, Tho amounts of the carbinol and glycol in milli­
grams per liter produced after various time intervals were 
3 days 6 days 18 days 
Aoetylmethyl oarblnol 16 60 110 
2,3-butylen6 glycol 60 140 50 
Breden and Fulmer (1921) studied the fementatlon of 
suoros© and xylose by Aerobaoter feeni. The yields of glycol 
and oarbinol may be suimaarized as follows, in terms of grams of 
eacb elismic&l produoed per luO grams of sugar fermented: 
I 
Xylose Sucrose 
Aerobic Anaerobio iierobio xlnaerobic 
2,3-butylene glycol 10,5 13,7 1»^,0 16,7 
Aeetyltaathyl oarbinol 2,6 0,£ 6,4 0,5 
Verhave (193S) found the organisms Aerobaoillus polymyxa and 
Aerobactjr aerogenes especially active in the production of 2,5-
butylene glycol from oarbohydratos, 
BrockHian (19S3), in studying the oxidation-reduction 
potentials of biological systems, obtained yields of 2,3-butyl0ne 
glycol as high as 64,9 per cent of the dextrose used. This was 
calculate:d as molar conversion and is equivalent to 32,45 grams 
of glycol per 100 graL-is of dextrose. The organisms Aerobactor 
saliGinovoruia and Aerobaoter deaolorans eaoh gave yields of the 
glycol as high as 64,6 per cent, and Aerobaoter inaologenes 
gave ylolds as high as 64,9 calculatod on the molar basis. 
The production of 2,5-butylGn© glycol and acetylaethyl 
oarbinol by the action of yeast upon various substrates has been 
studied especially by Neuberg and Reinfurth (1923), l^'euberg 
and liosentiial (1924), Kluyver and Donker (l9B4), Keuberg and 
Gorr (1924), Keuberg and Simon (1925), Kluyver, Donker and 
visserH Hooft (1925), Elion (1925), and others. 
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III, DBSGRIPTION OF Mi^THODS 
1. 1?he oultares 
A, Aerobaoter faenl 
This organism was isolated and identified by Burkey (1928) 
in his studies on bacteria attacking oonstituenta of the oorn-
stalk, 
Burksy describes the organism as follows; 
"Non-motile rods, 1.0^ broad and 1.0^ to 5,Oblong, con­
forming to the generic diagnosis. Acid and gas produced from 
the mono- and di- saccharides, including aelezitose, from 
pentose sugars, raffinose, rhaanoso, trehalose, salicin, 
aesculin, all the- alcohols except srythritol, from glycogen, 
soluble starch, iind pectin. No fermentation from amygdelin, 
inulln, or the pentosans. Acid and gca in litmus milk. Indol 
produced. Gelatin not liquefied. Isolated from hay infusion". 
The generic diagnosis of Aerobacter is given by v/eldin 
(1927) as follows: 
"Motile or non-motile, non-sporefonaing rods, feriaenting 
both glucose and lactose Viith both acid and gas. Produce acetyl-
methyl-carbinol (Voges-Proskauer reaction positive)} reverse 
the reaction of 0.5 per cent glucose-phosphate-peptone solution 
r latively rapidlyj generally able to utilize urio acid as an 
available source of nitrogen. Pathogenicity usually slight or 
absent"• 
B. iierobacter motorium 
This organism was also isolated and characterized by 
Burkey^(1928) as followsJ 
"Motile rods, 0,6 u to 0,6 m. by 0.8^ to 2.0^ in size, 
conforming to the generic diagnosis, iicid and gas produced from 
the coBHaon hexose sugars, the di—saccharides, raffinose, rhsianose » 
trehalose, and the pentose sugars. The alcohols are fermented 
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with the exception of glycerol and erythritol* Peotln Is fer­
mented. Aold and gas is produced from many gluoosides, but there 
is no fermentation of the poly-saocharides. Aaygdalin is not 
fermentod. Litmus ailk is fermanted with the production of acid, 
gas, a coagulation and reduction of the litams. Indol is 
produced. Gelatin is not liquefied. Isolated from rotted 
potato". 
G, ^ robaoter pectinovorum 
This organism was isolated and described by Burkey (1928) 
as follows; 
"Non-m)tile rods, 0,8^ broad and 1.0 to 3;0^ long, con­
forming to the generic diagnosis. Acid and gas from the niono-
and di-saccharides, pentose sugars, raffinose, rhanmose, trehalose, 
salicin, aesoulin, glycerol, dulcitol, and oth^r alcohols, but 
not erythritol, glycogen, niost poly-saocharides and pectin# 
No ferraentation from molezitose, amygdalin, or pentosan. Acid 
and gas produced in litmus milk. Indol is produced. Gelatin is 
not liquefied. Isolated from creek water**. 
Cultures of tho three organisms just described were kindly 
furnished by Dr. 0. H. Werkisan of the Department of Bacteriology. 
D. Aerobacter cloacae 
Oultures were obtained from the Americaa Type Culture 
Gollection. 
The characterization given by Weldin (1927) for this 
organism is as follows: 
"i&otile rods, 0,5 to 1,0^ broad by 0.8 to 2.0^ long, 
confonaing to the generic diagnosis. Suoro^ is fermented 
with acid and gas production; glycerol, starch, dulcitol and 
inositol are rarely attacked end adonitol is not fermented. 
Gelatin is usually liquefied, -^ndol is usually produced. 
Litmus milk is acidified and coagulatod. Originally isolated 
from sewage. Found in tho alimentary tract". 
- 12 
Burkey (1928) suggested the following moaification to the 
above diagnosis: 
"Motile rods, 0*5 to 1,0/*. broad by 0.6 to long, con­
forming to the generic diagnosis. Aoid and gas produced from 
sucrose, maltose, raffinose, galactose, arabinose, and mannitol. 
No fermentation of glycerol, dulcitol, Inositol, adonitol, 
salicin, and inulin. Gelatin liquefied. Indol is produced• 
Litmus milk is acidified and coagulated. Originally isolated 
froa sewage. Found in the alimentary tract"* 
E, Aerobacter aeroy,oaos 
This organism was furnished by the iimerican Type Culture 
Collection. It was described by V^eldin (1927) as follows; 
••A non->aotile rod 0,5 to 0.8 broad by 1.0 to 2.0 long, 
conforming to the generie diagnosis. Acid and gas are formed 
from sucrose, glyeerol, inositol, adonitol and usually from 
starohi dulcitol is not attacked* Gelatin is rarely liquefied. 
Indol is rarely formed. Litmus milk is made acid and coagulated, 
The organism is found in the alimentary tract of man and animssls 
and widely distributed in nature". 
Burkey (1928) suggested the above be laodified as followss 
"A non-aotile rod. 0,5 to 0,6 m by 1,0 to 2.0^ in size, 
conforming to the generic diagnosis^ Acid and gas are produced 
from sucrose, maltose, glycerol, inositol, adonitol, mannitol, 
saltcin, and aesculinj dulcitol, inulin, glycogen, and 
laelezitose are not fermented. Gelatin is not liquefied, Indol 
Is not forsaed. Litmus milk is made acid and coagulated. The 
organism is found in the alimentary tract of man and animals 
and is widely distributed in nature". 
2. The Preparation of Media 
Since each series of experiments usually involved but one 
variant, the mediiim was prepared in one large container and 
aliquot portions taken for each of the various media. It was 
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then a simple matter to add to each medium the desired aaiouat 
of the variable constituent, and to dilute oach to a definite 
Tolume, This procedure had the advantage of yielding media 
exactly identical except in regard to the variant. 
Irlenmeyer flasks of 500 ee, capacity, closod with 
cotton plugs, were used as oont&iners. After the media were 
adjusted to the dosired pH, they were sterilized at 15 lbs, 
pressure for 30 minutes. 
3, Methods of Analysis 
g.S-Bukylene glycol. The first method used for the 
detenaiaation of 2,3-butylen© glycol was the ether extraction 
method described by Breden (1930). This procodure, however, 
wa£ tou laborious to yield itself well to the analysis of a 
large number of samples, lioreover, a method of eliminating 
troublesoiae emulsions that sometiraes formed was imperative. 
After considerable eag^erimentation, these objections ware over­
come by -i^ans of the following method; 
To each flask, after fermentation was completed, as 
evidenosd by the cessation of the formation of acid, was added 
1 1/2 00. of 12 N sodium hydroxide. The alkali caused a 
precipitation of suspended material, including bactcria, leaving 
a clear solution for analysis, A 20 cc. portion of the clear 
superi^tant liquid was placed, together with 21 grams of powdered 
14 -
potassium oarbonate, in a glass extraction tube which was so 
constructed that it, tog-.thor v/itii a sfatill funnel, could be 
suspended from an A. T, li. extraction a.joaratus, and honoe 
was adapted for the continuous extraction of liquids with an 
immiscibl® solvent. Stirring the mixture until all the salt 
was dissolved gave approximately 26 cc» of a saturated potassium 
oarbonate solution^ 
The temperature of the water bath was so regulated that 
about 2 drops of ether condensed each second {45-50°G,), and the 
extraction was continued for 5 days at this rate. This pro­
longed extraction was found advisable for complete removal of 
O 
the glycol. The ethor «as then evaporated at 45-^0 G. and the 
flask allowed to stand un-stoppered until attaining constant 
weight (about 15 hours). The amount of impurities in the glycol 
separated by this laethod is quite small, as was found when this 
fraction from a large aiaount of fermentation mixture was examined. 
By the use of some carefully fractionated and roBiarkably 
pur© glycol (B.P. 182.5°0, corrected), data were obtained on 
the readings of a dipping refractoiaeter in various oonoentrations 
of the glycol in water (Table I). 
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Table I, 
Dipping Hefractometer Headings for 2,3-Dutylen8 Glycol at 
Various Concentrations at 25®0, 
Grasas of Glycol plus 100 
cc. water 
Hefractometar Reading 
0 IS. 26 
1.0 16,19 
2.0 19.13 
3.0 22,05 
4.0 24.98 
5.0 29.91 
It l8 evident that the refraotoraeter reading is a linear 
function of the concentration of the glycol. In order to check 
the gravimetric method, 20 cc, of water were added to the 
weighed residues from the extractions, and the solutions were 
analyzed by the rofractOBiotria raethod. In general, the 
refractometrlo methods give somewhat lo'.?er results than those 
obtained by weigliing. In the data presented in this thesis, the 
yields of the glycol represent the average of the values obtained 
by the two procedures. 
The purified material extracted by the above method was 
characterized by the specific test devised by Lemoigne {1920) 
and modified by Kluyver, Donker and vissor*t Eooft (1925). The 
test was oarriod out as follows: About 2 drops of the glycol 
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were mixed with 15 oc« of water, S co, of bromine, 5 cc. of a 
46 per cent forrio chloride solution, 1 co. of 0»5 H acetic 
aoid and S g, of solid sodium acetate. This solution was 
refluxed in a soil flask for 20 minutes on a water bath. The 
soil flask consists of an Srlenmeyer flask with a ground glass 
stoppar in which is sealed a straight tube about luO cm. in 
length* The water jacket of a condenser can be attached to it 
to make a wator cooled reflux condenser, iifter cooling to 
room temperature the solution was decanted from any liquid bromine 
remaining. The broiaine in the solution was exactly neutralised 
with a saturated solution of sodium thiosulfate, using starch 
potassium iodide tsst papers to determine the neutralization 
point. The solution was then slowly distilled, 10 ce, were 
collected and neutralized to litmus with sodium hydroxide. 
This was mixed with 1 cc. of a 20 per cent water solution of 
hydroxylaraine hydrochloride, 2 cc, of a 20 per cent solution of 
sodium acetate and about 5 drops of a 10 per cent nickel chloride 
solution. The mixture was then boilod for a few minutes. A 
precipitate of fine red needles was formed, showing the presence 
of 2,3-butylene glycol in the original solution. 
The test is due to the oxidation, by bromine in the 
presence of ferric chloride, of the 2,3-butylene glycol to the 
easily volatllizad diacetyl which is distilled off. The diacetyl 
reacts with the hydroxylamine to form dimethylglyoxirae which in 
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turn reaots with the nickel chloride to form the characteristic 
Ttod insoluble nickel dimethyl-glyoxime. These transformations 
can be represented as follows: 
H 
GH, - a - OH GHa - G - 0 GH, - G » K • OH 
I Br, . I MH.OH . I 
GH, - G - OH GH, ~ G » 0 * GH, « G « N - OH 
H 
2,3-Butyleae Diaoetyl Dimothylglyoxime 
Glycol 
GE, - G • N - 0 - Ni - 0 - If - G - GH, 
NiCl, I I 
* Gug - G « K - on iiO - N • G - OH, 
Niokel l)imethylr:lyoxime 
Analysis of Unfermented Sucrose 
Samples of the medium containing 12 per cent of sucrose 
were hydrolyzed for various periods of tinie with varying 
concentrations of hydroohlorto acid. The reducing sugars 
were deter/ained by the Shaffer end Hartmann (1920) method, 
Tha most satisfactory prooedxire was found to be as follows: 
A 5 cc. sample of the fer-aentad medium, clarified es noted 
above, was diluted with 35 cc, of water and 5 oc, of concentrated 
hydrochloric acid. The solution was heated at 75®G, for 9 
O 
minutes, cooled (quickly to 20 G., and immediately neutralized 
by the addition of 15 cc, of 12 H sodium hydroxide. The reducir^ 
sugar was then determined. 
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Deterffliaatlon of Aoid ?roauced> 
Eacii fermenting awJdium was adjusted daily to a definite 
pH by the addition of 1 M sodium carbonate solution under sterile 
condltioB.s, The total acid produced is expressed In terms of 
the total araouat of the sodium carbonate solution added during 
the course of fermuntation. 
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lY. mii EFFSOT OF Ciil^yiGAl, uIIfVIRONMi^T Ui^'OK 
TIL. ri^D OF 2,3-BUTY"L:.HS GI.YGOL 
1. General Dlseusslon 
In developing synthetic laedia for the growth of yeast, 
Fulaier, Melson, and Sherwood (1921) and Sheriffood and Fulmer 
(1926) systeiaatioally varied the concentrations of the salts 
used in order to determine optimvus oondltions for growth at the 
given temperature, A similar procedure was adopted here in 
developing the modium optiraum for the maxiamu production of 
2,3-hutyl©ne glycol by the organisms tested of the genus 
Aarobaoter at 37,5°G. 
Such a study presented several difficulties. For example, 
the analytical procedure outlined above for the determinetion 
of the glycol after fermentation, had it been available from the 
first, would have eliminated the necessity for repeating a 
considerable numbor of experiments. Again, the development of 
a systematized bacteriological technique thjit will enable a 
workier to check consistently his results requires considerable 
time and practice. Moreover, there is always the uncertainty 
of whether the optiiaum concentration of a given salt will be 
the same with varying concentration of the other salts in the 
medium. 
2. iJffect of pH 
The medium for this investigation was made up as follows: 
* 20 
GaGl. - 0.2 g. 
MgSO^ — - 0.1 g. 
KH«G1 —. 
CM 0
 1 
KaliPO^ — - 0.1 g. 
NasOO, — ~ varying a ounts 
Sucrose ^ o . 0 g. 
Water —-- up to 100 00. 
After sterilizing and oooling, each medium v?aa inoculat­
ed with 2 cc. of a 24 hour cxilture of Aerobaeter pectiaovorua« 
iiach laediuffi was maintained at a predeteriained pH by the 
daily addition of sufficient 1 M sodium carbonate solution. 
These additions were made under stt^rile consffiiions. The 
fermentations were allowed to proceed as long as aeid was 
being produced. The results are suiamarlzed in Table II t;nd 
shov.n graphically in Figure I, 
From this experiment it is evident that thore is a 
definite maximum conversion of suoros© to glycol at a pH of 
about 6.2 at which value the yield is 49 per cent» by weight, 
of the sugar fermented. 
3. effect of Sucrose Gonoentration 
The media used in this fermentation were made up as 
follows: 
Table 11 
Effect of Varying pH Upon tho Production of s,S-Butylon© Glycol 
by Aotion of Aerobaotar pQotinovoriim 
Flask 
Number 
: 'Tbt^ 
pH :oo. of E N 
Main- taoid per 
tained: 100 oo. 
I Average i&r^e of J : Grams of Glycol 
; 00. of rSuorose : { per 100 
Total ;2. N acid:Used per: Grams of ; grams 
Days :per Day :100 oo. ;Glyool/100 oe.: of Suorose 
1 
« 
4.5 : 0.10 
! ; : J 
2 : 0.-050 ; 0.20 : 0.05 : 25.0 
2 5.0 0.62 
s ! : s 
15 t 0.O41 ; 2.00 t 0,51 S 25.5 
• 
3 5.4 1.52 
$ S ' « 
35 ; 0,043 : 5.84 t 1,27 21,8 
4 5.7 2.92 
I : : 
35 : 0.083 : 7.24 : 2.49 34,4 
5 5.9 3.55 
• . # • . 
35 t 0,101 t 7.58 : 2,98 39,3 
6 6.0 4.00 
S • * 
35 t 0,114 : 7.78 : 3.45 44,3 
• 
7 t 6.1 4.53 : 35 0,129 t 7,82 : 3.84 49,1 
8 6.3 
: 
5.37 : 34 
• • 
0.158 ; 7,94 j 3.89 4S,0 
9 6.6 
• 
« 
6.40 : 32 
I i 
0,200 I 7.94 : 3.5S 44,3 
10 7.0 
t 
8.57 s 29 
: s : 
0,295 I 7,95 i 2,71 J 34,1 
11 7.5 
t 
11,97 t 29 
I I t 
0,412 : 7.95 J 1,49 : 18,7 
12 
t : s J . J 
8.0 i 15.95 t 22 : 0.725 t 7.95 ; 0.09 : 1.1 
V 
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MgSO^ 0.2 g. 
Nil^Cl 0.25 g. 
GaOlji 1 ' 0.15 g. 
KaHPO* 0,15 g. 
Sucrose —- varying atiounts 
Ka»C0, —— to a pH of 6.0 
H,0 up to 100 ce. 
To each of the 100 co. portions of the medium, with vary-
iag 0onoentrotlons of suorose, was added 1 ec. of Inoeulum of a 
2-day old culture of Aerobactcr pectlnovorum grown on a similar 
medium oontaining 6 per oent suorose. The pH of each flask 
was edjustad to 6.0 by the addition of 1 M sodium carbonate 
solution. The oultures were incubated at S7,5°G, and the medium 
analyzed for ••i,5-butylone glycol and suorose when no further 
acidity developed. The results of these experiments are 
given la Table III and previously reported by Fulmer, 
Ohristensen and Kendall (1933). The graphical representation 
of thos® data are shown in Figure 2. 
The data show the following: 
1. Up to and including S per oent sucrose,jail of the 
sugar is fermented; at higher concentrations (8 to 12 per cent) 
the p&rcenta^ of sucrose feria-nted falls from 100 to 85 per 
oent * 
Table III 
Effect of Varying Gonoentrations of Supros© upon the Frodi'Qtion of B,S-
Butylene Glycol by Aotlon of Aerobeoter peotinoyorum 
Glycol'per 100 co.;(ilycol :ToiaisAcld:3ub« iJays :Aoid 
to sper 
Form,{gram 
1 gm.:Glycol 
Sugar t 00. 
Suorose 
per 100 
Grains 
; :Qnta-
: Sucrose stion 
o 01 Ferment ed:Time 
; Uranus t ' Pays 
:Kefr- sper 100 
weigh-J active: igramB 
ed ;Index ; Ave«;Suorose 
^ramis" • :'tJram8 z^Grftmst'Srams ' 
2 W :per sroae 
aold/jlOOg:per 
lOOoo:sue-:Day 
00, :rose:Gr^ 
1.00 : 0,98 981 0.85: 87 SO.245 4.04: — 
2.00 I 1.97 99: 
J • • 
0.90 ; 0.60 : 0.85: 43.1 1,60: 81 :0.28S 
: 
3.54:1.88 
3.00 2.99 100: 10 «MP4«» 2[ «»« 2,00: 67 ;0.899: 3,34:1.54 
4.00 3.97 99i IS 
: : : 
1.82 : 1.65 S 1.74: 43.8 
: : : : 
2,30: 58 :0,3S1: 3,02:1.32 
5,00 
: 
: 4.97 99: 
: : : 
L3 : : """ : -«• 
: : : : 
2,65: 53 :0,382: 2,62sl.l9 
: 
6.00 : 5,97: 99: 14 : 2.96 : 2.47 : 2.72: 45.6 
• • I • 
2.80: 47 :0,426: 2,35:1,03 
: : t 
7.00 : 6.96: 99: 15 
: : : 
: 3,10: 45 :0.453: 2,21:0,97 
CD
 
•
 
O
 
o
 
• 
• 
• 
: 
7.91: 
: 
99: 18 
: 
• 
« 3.92 
• $ 
• 
• 3,49 
: 
• 
• 
• 
3.71: 46,9 
• 
• 
41 
m  
' • 
3.70: 46 
• « 
:0.439: 
: 
2.28:0.98 
9,00 
• 
• 
• 
• 
• 
6.41: 
* 
93: 23 
: 
: m m  
« a 
• 
« 
• « 
: 
: 
«»•«• J 
: 
« 
• 
: 
3.90: 46 
: : 
:0.3668 
: 
2.75:0.98 
10,00 
• 
88: 23 
• # 
• 
4  4.42 
: 
: 3.80 
: 
• 
• 
• 
4.11: 46.7 
: 
• 
• 
: 
4,25: 48 
• • 
:0.362: 
: 
2.61:1.03 
11.00 
» 
• 
: 
• 
« 
9.4ii: 
• 
• 
66: 23 
• 
• 
s m  
: 
« 
« 
: 
: 
: 
•»» • m m >  
• 
• 
: 
• 
4.30: 46 
: : 
:0.410: 
• 
2.43:1,00 
12.00 
: 
• 
• 
: 
10.24: 
: 
85: 23 
: 
• 
• 4.92 
: 
• 
• 4.20 
• 
• 
: 
• . 
4.56: 44.5 
• 
: 
* 
4,10: 41 
: : 
:0,445: 
• 
2,25:0.92 
Effect «f S^redi oh 
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2. The rate of fermentation of tbe sucrose, that is, the 
average amount of sugar ferraented per day is at a definite 
fflaximua at about 8 per oeat. The average rate of fermentation 
at 8 per cent is nearly double that at 1 per cent. 
3, The 2,3-butylene glycol produced per 100 grams of 
sucrose feraented is at a loaximum of 47 grams at 8 per cent 
sucrose. 
4. The acid produced per 100 grams of sucrose fermented 
decreases at first rapidly and then slowly with increase in 
concentration of sucrose. 
5, The ratio of acid to glycol is markedly affected by 
the concentration of the sucrose, dropping from a value of 
1,88 for 1 per cent sucrose to a oonstant lo» level of 1,00 
at 8 per cent sucrose, 
4, Sffect of MgSO^ 
The medium consisted of: 
GaOl, —- 0,15 g, 
mi«01 0,25 g, 
KgHPO* 1,0 g. 
Sucrose —— 6,0 g, 
MgSO^i —— varying amounts 
IlasGO, —— to a pH of 6,0 
Tap water - up to 100 cc. 
After being sterilized at 15 lbs, pressure for 30 minutes 
and cooling, each medium was inoculated v/ith 1 cc, of a 24-hour 
« £7 -
culture of Aerobaoter aerogenes grown on a similar medium. The 
latter organism was used here instead of Aerobaoter peotino^ 
vorum, as in earlier experiments, inasmuch as preliminary work 
had indicated that there is practically no difference in the 
inorganic nutrient req^uirements of^ and the amount of glycol 
produced by the various species of the genus Aerobacter, and 
it was thought advisable therefore to use the better known test 
organism. The results of this experiment are given in Table IV 
and Figure 3, 
From these experiments it is evidant that the maximum 
conversion of sucrose to glycol (58,8 per cent by weight) 
ocours in a modiura containing 0,1 to 0,2 per cent of aagnesium 
sulfate. 
In this investigation the media were eoaposed of the 
follovdng constituents: 
5, Affect of MH^Gl 
CaOl. 0.15 g. 
MgSO 4 
K.HPO^ 
0,2 g, 
1.0 g. 
Kii4ai 
ila J 0 g 
ucrose 8.0 g. 
varying aiuounts 
to a pH of 6,0 
Tap ¥;ator — up to 100 cc. 
Table IV 
Effect of Varying Gonoentrations of MgSO^ upon the Production of 2,5-
Butylene Glycol by Aotion of Aerobaoter feerogenes. 
'Total Averagtt' /i (yrame of t6iyQ o"i ' par _1'0Q oo»('Grams j iS-rams of 
Glycol per 
100 grams 
of Sucrose 
Flask 
Number 
:oo. of : :oo, of 
per 100:2 N acid :Total:2 K acldjUsed per: 
CO. iper 100oo;Days ;per Day tlOO oo 
Grams 
iv.gS 0 ^ :Sucrose 
s W'elg.vied; 
:Kefractive: 
Index : 
Method :Average 
1 0 t 6.80 16 J 0.425 S 7.57 J 2.4i55 : 2,57 I 2.40 32.5 
E 
« 
0.05 : 7.50 
: J : 
16 : 0.470 i 7.60 S 2.770 2.71 i 2.74 36.0 
rZ W 
• 
0.10 I 7.80 
•  .  .  ,  .  •  
16 ! 0.465 I 7.74 : 3.000 
t 
2.94 I 2.97 33 • S 
4 
• 
0.15 ; 8.05 
J •  :  s : $ 
16 : 0.505 : 7.82 s 3.050 t 3.01 : 3.03 : 38.7 
: t 
5 t 0.20 : 8.25 
: : : ; s : 
16 t 0.515 S 7.66 : 3.070 : 3,04 : 3.05 t 38.8 
: : 
6 : 0.25 t 6.45 
t  •  •  
16 : 0.530 : 7.88 t 2.950 
i  I  
2.88 : 2.91 t 36,9 
: : 
7 t 0.30 J 8.65 
• • • 
16 : 0.540 : 7.89 s 2.050 
: i 
2.82 : 2,83 : 35.9 
: : 
8 i 0 ,40 S 8 .60 
S  !  S  
16 : 0.535 I 7.89 : 2.849 2,78 S  2.61 : 35,6 
: t 
9 J 0.70 J 8.65 
•  S '  '  '  '  '  s  s  
16 ! 0.575 t 7.88 : 2.847 1 2.78 
5 !  
2.e i  S  35.7 
: t 
10 J 1.00 1 8.65 
•  t  J  S  
lli : 0.720 t 7.88 i 2.850 J 2.75 
* 
2.80 I 35.5 
CC 
'Ultrose 
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In these, and all of the following experiments, except 
where noted, the media were sterilized under the saiae conditions 
(15 lbs, pressure for SO iuinutes) and were all inoculated and 
fermented under like conditions; that is, inoculated with 1 co. 
of 24 hour cultures of Aerobaoter aerojgenea gro^^n on a similar 
medium and incubated for a maximum period of 16 days, at a 
o 
teaperatui'© of 37.5 C, The pH was adjusted to 6»0 each day by 
the addition of 1 M sodixim carbonate solution. Tap water was 
substituted for distilled -water in these exp riraonts since at 
this time there were indications that the distilled water avail­
able contaliiod traces of copper or other substances inimical 
to cell growth. 
The results of this study, given in Table V, and Figure 
3, indicate that there is a very xaarked increase, in the 
percentage conversion of sucrose to glycol, with increase in 
the aiBffionium chloride concentration, reaching a maximum at 0.3 
per cent of the salt. In the range of 0.3 to 1.0 per cent 
ammonium chloride thare is almost a constant yield of glycol 
amounting to about 38.5 grarss per 100 grams of sucrose utilized. 
It should be noted that flask number 1 contained a siaall amount 
of aiamonium chloride, introduced in the inoculum. 
6. Effect of K.IIPQ^ 
iiiaoh flask was composed of the following ingredients: 
Table V 
Effect of Varying Gonoentratlons bf NH^Ol upon the Produotion of 2,S-
Butylen© Glycol lay Aotipn of Aerobaoter aerogenes. 
ir'aias si'ota'l ; 
NH4OI ;oo. of : 
per 100s2 N acid :Total 
00« :per lOOettPays 
iverage :Grams ot 
00, of :Sucrose 
2 N aoid;Used per 
per Day :100 00» 
'drr'aias of Glycol per lOCioo 
Kefraotive 
Index 
Method 
Grams of 
Glycol per 
IGO grams 
of Sucrose 
i'lask 
Number .Weighed Ax'erage 
5,70 i 16 0.355 : 7.08 2.430 2.41 2.42 34.2 
O.lOs 7.35 
J  
J 16 0.460 i 7.46 2.630 ;.60 2.61 35.0 
0.20: 7.90 16 
J 
0.495 t 7.71 2.835 2.82 2.83 36.7 
0.26s 7,95 16 0.495 t 7.80 2.960 2.91 2.93 S 37.5 
: : 
t 0.30: 8.00 i 16 0.500 : 7.84 3.060 t 3.01 
: : : : : : : 
6 : 0.35: 8,00 : 16 J 0.500 : 7.86 i 3.070 x 3.04 3.05 ! 38.8 
7 
• • * • • 
0.40: 8.05 t 16 1 0.505 i 7*87 ! 3.050 S 3,01 
i 
3,03 s 38.5 
a 
• « 0 • • J 
0.50s 6.00 : 16 : 0.500 : 7.68 S  3.050 s 3.01 
•# • 
3.03 j 38.4 
9 
s t : s : : 
0.70: 8.05 t 16 : 0 .505 : 7.88 S 3.070 : 3.01 
: 
3.04 : 38.5 
10 1 1.00: 8.00 ! 16 : 0.500 : 7.88 : 3.110 : 3.04 3.07 : 38.9 
3.03 i 38.7 
I 
M 
H 
I 
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OaGI. 0,15 g. 
LlgSO^ 
M4CI 
0,£ g, 
C • 2t) g» 
Sucrose 6.0 g 
* K»iil'0 4 varying aiaounts 
to a pH of 6.0 Naa -^0* 
Tap vmter — up to 100 oq« 
The flasics were sterilized, inoculated and incubated as 
noted above for the experiments on the effect of ammonium 
ohloride concentration. 
From the results given in Table VI, and aiagramed in 
Figure 3, it is evident thf.t thore is a definite optimiim con­
centration of saoondary potassium phosphate for maximma con­
version of sucrose into glycol. At a concentration of 0,15 
per cent potessiua phosphate, the yield of glycol is slightly 
better than 50 graias per 100 graxae of sugar utilized. This 
yield ia considerably higher than any obtain ;d in the experi­
ments on the effect of varying the concentration of magnesium 
sulfate, aamonium chloride and calcium chloride (discussed 
below). This can be easily explained, however, inasmuch as 
in these other exp^riaents, none of the media contained this 
optimal concentration of ^,12^0^, 
* The secondary potassium phosphate used, thou^ labeled anhydrous, 
has since been found to contain three molecules of water. Therefore, 
in this thesis, KgliPO^ should be understood to be K.HPO^.SHaO, 
Table VI 
Kffeot of Varying Gonoent rat ions ol' KBliP04 upon the Production of 2,3-
Butylen® Glyool by Action of Aerobaoter aerogenes. 
JGrsofls ; Total ; 
iKatiFOt, too. of ; 
Flask :per 100:2 N acid :Total 
Number: oo, :per lUOooiDays 
Average 
00 i of 
2 H acid 
per Day 
Cirams of:Gre.ms of Glyool/lOOoo ;Grams GlyccM. 
Suoros© 
Used per 
100 00. VJoighed 
Refractive 
Index 
Method 
rper lUO g. 
:of 
Average:Sucrose 
1 : 0  J  2 . 0 0  16 0.125 6.06 2.060 2.02 
• 
2.04 j 33.7 
2 : 0.05 : 2.75 16 0.170 6.13 2.450 2,30 2.37 : 38.7 
: : 
3 S 0.10 t 3.30 16 0.205 6.21 2,950 2.74 
• 
• 
2,85 : 45.9 
: : 
4 : 0.15 J 3.75 16 0.235 6.32 3.255 3,18 
J  
3.SS ; 50,9 
: : 
5 : 0.20 : 4.10 
• 
16 : 0.255 6.44 3.265 3.15 
• 
3,21 : 49,9 !, 
: : 
6 : 0.25 : 4.40 
• 
16 S 0.275 6.61 3.150 3.04 
i h 
3,09 : 46,7 
J • , 
7 1 0.30 ; 4.70 
• 
16 t 0.295 
• 
• 
6.76 : 3.045 2.97 
s 
3,01 t 44,6 
• 
8 : 0.40 5.20 
: i 
16 : 0.325 : 7.06 2,890 2.82 
• 
2.85 : 40.4 
• 
9 : 0.60 6.20 
• ' 
• * 
16 i 0.390 : 7.52 
s : I 
2 . 7 80 s  2,68 I 2.73 : 36.3 
« 
10 J  1.00 
:  t  :  
7.65 s 16 ! 0.475 : 7.i.5 2,715 : 2.64 : 2,68 : 34.1 
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7, Effect of GaGl, 
Th,a medium oonsistod of: 
iflgSO 4 0 , S g » 
KH^Ol 0  , g .  
Kaiff04 '" 1.0 g. 
Sucrose —— 8.0 g. 
OaGlg varying aiiiounts 
I'iaaOO;, • » "1 " to a pH of 6,0 
Tap water — up to 100 CO, 
The rosuits are given in Table VII and shorn in Figure 3. 
It appears that the addition of calcium chloride tends to soae-
ishat decrease the yield of glycol. However, when it was 
attempted to fermont a medium containing no oalciua chloride, 
either in the medium as made up or in the inoculum added, very 
poor growth of the organism resulted* This fact indicates, 
therefore, that a trace of calcium chloride aids glycol yield 
by supplying eleiaents necessary for luxurient cell growth, 
whereas appreciable amounts, althou^ not inimical to cell 
growth, result In a chuiaism unfavorable to high glycol yields. 
It should be noted that in flask number 1 a traoe of calcium 
chloride (0,0015 per cent) was introduced when adding the 
inoculum, besides any contained in the tap water used. It 
seems then, that a trace of calcium chloride (about 0,01 per cent) 
is necessary for high yields. 
Table ?II 
iffeot of Varying Oonoentrations of GaGi, UTDon the Production of 2,3* 
Butyleiie Glycol by Aotlbn of Aerobaoter aerogenes. 
:Grams :Total : :Average 
tCaOl# sec, of ; :oo. of 
Flask :per 100:2 W aold :Total:2 N aoid 
Grams of 
Sucrose 
Used per 
drains of' aiyooi/iOO oo 
;Hefractlv«:' 
Number C O .  ;per 100oo:Days :per Day 100 00. Vi' e i f?he d: Me t hod Average:of Sucrose 
1 
• 
0 : 5.30 
: 
12 ; 0.440 7.00 3.265 
t 
3.11 3.20 J 41.0 
2 0.05 7.15 16 : 0.445 7.80 2.860 2.81 
« 
• 
2.84 : 36.4 
3 0.10 7.35 
J 
16 : 0.460 7.61 2.865 2.77 
• 
2.82 36.1 
4 0.15 7.30 
: 
16 : 0.455 7.81 2.875 2.81 2.84 36.3 
£> 0.20 7.30 
» 
16 : 0.455 7.81 2.865 2.84 2.86 
• 
36.6 
i 
6 : 0.30 7,45 
: : 
16 : 0.465 I 7.81 •.,900 2.84 2.87 36.7 
7 
• 
0.40 7.70 
: • : 
16 t 0,480 : 7.82 : 2.925 2.88 : £.90 37.1 
8 0.50 8.00 
: t  :  
16 S 0.500 : 7.82 : 8.950 2.88 2.91 37.2 
9 0.70 8.50 
» • * * 
16 : 0.530 J  7.83 I 2.975 2.91 2.94 37.5 
• » 
10 : 1.00 t 9.35 
: : : 
12 : 0.780 : 7.86 : 3.035 2.94 
* ... 
2.99 : 38.0 
Index 
JGrams of 
':Glyool per 
;100 grams 
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?, COMPiiRISON OF TH::, Y1KLD3 OF GLYCOL BI 
VARIOUS DPiGIuS OF TIIE GM3 A^hOBAGl'l:^. 
The above experiments indicated that the medium giving 
maximum yields of a,3-butylene glycol should have the follow­
ing coaoontrations of salts; 
MgSO^ —— 0.175 g. 
KH^Gl 0.350 g. 
Kaiii^O^ 0.175 g. 
0 SO 1 n 0.0 li> g» 
iiasOO, — to a pH of 6.0 
Tap water — up to 100 oc, 
Acoordingly, the above medium was prepared and used to 
test the action of two strains of Aerobaoter cloacae, two of 
Aerobaoter aeropenes and one of Aerobaoter peotinovoruBi . 
Tho sucrose oonoentration was reduced to 5.46 grams p.r 
100 CO. This low concentration of sugar mad© possible a 
oomparisoa of the above bacterial types with a short time 
fermantation. The results are given in Table YIII. 
From, these data it is evident that: 
1. There is no significant diffcrenoa in the ability 
of the various species of the genus Aerobaoter to produce 
2,3-butylene glycol froa sucrose. This conclusion has further 
support in the studios laade by Brockman (1933), and previously 
I 
Table VIII 
Aotion of Various Speoios of th© (Jenus Aerobaoter on Identical Media 
• 
• 
• 
• 
9  
• 
• 
• 
Flask : 
Ntimbert Or^;anisia Used 
Total 
00. 
of 2 N 
Acid 
per 
lOOoO.! 
: tGramis t Grams c 
tAverage ; of : 
:cc, of iSucrose: 
:2 N Aoldrused : 
Total; per tper 100« 
l>ays : Day : oo, :Ieif?hedi 
>f Glyobl/lOOoo,; 
; ;Grams of 
Befrao-; ;Glycol 
tive J ;pQr 100 
Index : :grams of 
[Method sAverage;Suorose 
; 
1 .:A, cloaoae 
:: : :: : : : t 
2.35 :: 10 s ,235 :: 2,845 { 1,220 : 1,165 : 1,192 : 41,9 
: 
2 sA* cloacae 
^ 2  *  ' 1 ^  *  
1,90 1; 7s ,271 :: 3,324 t 1,370 s 1.365 : 1.367 : 41.1 
I 
3 til, peotinovorum 2,75 6 t .458 3.4S6 t 1,592 J 1.370 : 1,381 s 40,2 
• 
• 
4 tA* aerogenes 
• • • « 
2.45 it 6 : ,408 :: 3.395 : 1.275 : 1,260 : 1.267 !;37,3 
i  i :  I  J  J I  :  J  i  I  
5 tA. aerogenea ; 2»50 6 : ,417 3»395 ; 1«S7Q ; 1,315 : 1,543 ; 59«5 
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noted, where A> indologengs. A« sallelnovorum and A. deooXorans 
were found to produoe almost Identieal yields of the glycol under 
standardized conditions. 
2, The medium used in this experims-mt was optimum for 
high yields of glycol, in regard to salt concentrations, as 
evidenced hy the rapidity of the fermentation (6 days) as 
ooagjared to a previous experiraynt time ill days, o.f,, Table 
III), with practically the same yields in both casesj 41.9 per 
cent conversion (Table YIII) compared to 43.4 per cent conversion 
(Table III). 
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VI. SUl'uii\RY 
It has been shown that for the maximum conversion of 
sucrose into E,3-butylene glycol, in an inorganic medium: 
1. There is a definite optimiim pH of about 6*2. 
2. fhe most efficient conversion of the sugar occurs 
at a concentration of 8 per cent. 
3. There is a definite optimum ooncontration of 
magnesium sulfate at 0.173 per cent. 
4. Affiiaonium chloride is very essential and at least 
0.3 per cent must be present. A higher concentration has 
very little effect. 
5. There is a definite optimum concentration of secondary 
potassium phosphate at 0.175 per cent, 
S. trace of c.-.loium chloride is essential, but any 
appreciable concentration is somawhet harmful, a 0,1 per cent 
concentration being slightly more harmful than a 1.0 per cent 
concentrati on, 
7, Various species of the genus Aerobacter produce like 
yields of glycol under like canditions. 
B, Under optimuia conditions the yield of glycol amounts 
to about 50 per cent of the sucrose ferracnted. 
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